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· This ·iri'vest~gation was undertaken. to char-acterize the 
~ ... --
dependency of stress cor,rosion er acking of aluminUDl alloy' 
. 
. " 7075-..T6 in aqaeous··3~ NaCl_ solution. As part 0£. the in• ~-
vestigation, the growth of stress -corrosion. cracks in plarie 
.. . 
stra-in-.-, ~ short transverse orientation sp~cimens was moni tore·d 
" ~ optically. 'The-growth behavior of the cracks showed a 
similar behavior in all stress intensities· consider.ed and 
. ) 
~ the crack gr·owth ver·sus time data had the same .form. At 
crack configuration where the stress intensity could be un-
" ambiguously calculated, no dependen~e of crack growth rate 
as·· a function of stress intensity .was found. The question 
of discontin~ity of crack growt~ was investigated by indirect 
0 
means. Conti.nuuus monitoring of· tests indicated- that, wi thw 
./ 
'-v-,., in the limits of measurement, the crac~, as a whole~ grew 
continuously and rather unirormly. ·on a local level when 
observed on the surface, the crack growth was not uniform. 
-Ot_her exp~1±men~ts indicated that solutio)l agitation increased ' ' ....... 
~~ ·. '[ 
-: 
the rate -0£. crack growth with or without .the pre~ence of dis• 
solved oxygen. Non-uniformity in initial fatigue cracks .was ' 
smoothed-out as the ·stress c6rrosion cr~cking propagated. 
-
-
I 
• 
Eventually, cr.,acks ·prop~gated through the materi~l on a 
... :.;-· ............ . 
. ' 
planar fI'.ont~ 
..... 
'.,,. .: 
' ~\-«1 .. • 
~ ~-' ' . . -.. 
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.. . A limited amount o:f -s.tudy was made o:f -101~T6 -in 
··~ 
.. 
the longi tudinal\,r rolling direction •.. Stress corrosion 
·cracking, p~r · se, was not noted at the stress levels· 
employed. However,. a phenomena which might best be ·callea 
. \_(' ';.,.., 
.. · ':, 
crack blunting was .seen to develop after long p~rio<:l,s o:f 
time. 
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.· ... t,INTRODtJCTION . ·. /·· 
· GENERAL CONSIDERATIONS 
' 
. Stre"ss-corrosion cracking (SCC) phenomena have only .-. · 
'. 
;recen·tly, re_lati-vely speaking, .. been recognized as a 
. -
. ··-----~ serious problem in materials science. His.torically., 
}_ ' 
season-cracking i.n brass ( 1), · that is,- t·he cracking of , . 
,i . 
I• cartridge brass during a cert.ain .season ·of the year· wa.s 
' ' 
• 41 probably the f=i·r_st example of this type oi failure 
,/) 
recorded. Sinc::e that time, Sec 1tas becom_e· ,an· increasing• 
ly. imperative a_nd seeming!~ intran.sig.ent problem. :_Along 
··:" 
( 
with the de~and :for higher -$tr·eng·th, cheap materials and· 
the_ rapidly ,wi=den-ing :ra:n~e c;>f.- application·s to which these 
materials '-must-: .conform,.· tne phenomenon or sec· .f·ailures 
. .. has been --mor==g frequent ih occurrence and more widesp;ead 
/ in the sy$tems involved. In addition to brasses, among 
. 
the comm~.rcially important metal .a--nq_ ,alloy systems, · 
"' J ' 
- -··- •.. - . 
--involved are aluminum (2), .~agriesi:11~ (3), ~itanium (4), 
steels (5)~ stiinless st~els (6), nickel (7), and zir• 
• ( 8) con·ium • Even relatively abstruse systems such~~ 
. gold.copper. series of alloys have· been. int~nsivel-y 
• 
studied (9). In addition, non-metallic·~y~t~m;\.uch as 
ionic crystals (10), and mica (11), may be said to under~ 
,,_ 
-- .... - - . -~ 
,. ; 
-J go processes which are closely ;akin to sct·-i. at least in 
f 
their manifestations. 
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·It dot!s no_t stiffiee to merely enumer~te ·the IJi.eital · 
· ~ystems-invol~~d~ This realizati_on ieads· tQ, a basic 
· chara~teristic, __ of · this ph·enomena which is {he ·di:stinct~ 
___ _..,,.._..__, 
rela.tionship. between environment and metal alloy that 
must ex~st .fo.r ,cra.cki~_9 and subsequent failure, __ ,~o take 
,.,. - ~ 
-· place. The general de£ini tion. of SCC is -;;.. the combined, b -. 
, specific, effect of static §tress and. cor'rosion on·. the 
properti~-s whic;h· leads t·o c.rack.ing behavior· ~aifferent · · 41 
--< than that observed when each is applie·d ~ingly or se. 
ql'!-entially. · There are phenomena ·which fit t-his definia. 
/ 
i.i 
tion but which are·~corded di££erent class1£icationJ 
s:uch as,- liquid-mental embr_i ttlement. This .is done be. 
-cause, .... ,this speci.fic _class of phenomenon is .bes-t, under-
...... , \ 
. 
. :, .s'·to.od and· treated separately·. On the_ other hand, there 
. •; . . 
. 
ar~ no sharp bou~daries of such a definition because of 
the diff.icul ty in de.finin~ corrosion. Wi t-h- this in mind,·· 
• 
we-o£ten find~discussion of hydrogen embrittlement or 
. .,, 
• 
"static fat~gue" int~rspersed wi_th a11d _overlapping the 
understanding and treatment of sec phenomena. 
~-
,., . • ··- , ,--..-,-.-, I 
It has been suggested that all such material re-
' 
· sponses to applied con~itrons be lump~d under.the loose 
.. : 
't 
. -~ .,. ·-, headin~_of environmental effects. However, in accord I 
.. 
wi~ Aristole, where understanding is lacking,_ the .first 
.,. 
,. 
;lot,.: . .; ,t 
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. ~tep t9 und~-rst-anding mus~ ~.e ca~ergorizatio1?· Tlle SCC or ·· 
. , ,, 
\ m-etals is the bes·t c~tegory~descript~Clll to fit th:e work -- - -- ·-·-·. - ··ir-- - -
.... ';undertaken here. C,. 
--t-----~- . . 
.~, . 
..... .., 
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/ As a final note_, .. perha))s tlre o~ly otner gE!nera~liza-
tion that can be. made re9arding sec is the immunitj, bf ·pur_e _ ~-
elemental~;metals to failure from such cau§es. Thi-s prop<>w 
. 
si tion -ha_s · 1ong· been held to. be- true, not, for any theoreti .. 
.. 
cal reasons, but rather·, this is the observation or those . 0 I 
,(I 
- , .. ' 
~who have attempted to induce sec -ihto ,this class of 
. materials .. · While $everal {12, ·13). sou.rces have questione~ ,.!>.'/!' 
' 
thi~~ .. propc:>..si.tion·, one must f·ac~ the difficulty that the 
' 
purity o:f a material is .i:':e·I.ative. While this may be -·~·''.• 
beggi-ng~ the question·, a.n alternative explanation· fo:r ·tnis· ,_ ,,. 
. .--~ obs.er·vation wi.1·1 :t>.e: g_i-ven later. 
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PREVIOUS METHQD()LOGY 
tn the past, the chief con7ern o:f in.vestigat~JS of 
. :'-._ 
•. 
-s·cc. h~s been in the application 0£ materials being · tested • 
··This has led in many cases, to· the field testing of alloys \ 
• . ~--
' ' by stressing a type of sample and leaving it ~ ~f..tu £or~ a 
period of' time and marking, "yrrough periodic observations, 
the times at which various specimens fail. The limitations 
of this type of testing are many but chiefly they consist 
of: l} l.ack of control of specimen environment, 2) wide 
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·scatter···in c;tata, 3) long. times i~volved, 4) lack 0£ .. 
• generalit'y :for· future applications and 5.) inability to 
continuously monitor tests--. Al ter_nately, this type .9_:f~ 
'j\ 
• 
. 
. ' . 
' ! ,·.,· shotgun approach was brought into the_ laborato.ry with a 
' 
~ ,, 
• i~;9.e numb_~r of · specimens _being stressed in .jigs ~n 
I 
either bending or ·tension .and· left completely, or. al te;~ 
. "\,,) 
_,,' 
. 
-0 ,OJ 
,.. n~tely immersed, in the. controlled environment until·fail ... 
~ 
-uie w~s noted. This met.hod represents a large improvement 
_ _c_()V-er field testing, b_ut is still rather limited in the a-__ .., 
mount a.nd quality .of da.ta -i:·t- yields .• i 
....... 
·~ Yet until. the rec~nt past>, t·n..is t.ype 0£ test was the. ' ,;,v1',), ' . '·. . ,'. .. •-,· 
. 
' 
·<Jh-i-:er mea·n& of -in,te:st:Lga:t·ion· ·empl(?yed, especia11y by tliose · 
interested in ailoy· d.eve·1o·pme,nt and ·material application. 
While many investigators have st:udied sec, there has been 
no standard test t11at they nave-settled upon- as suited I! 
-.J~ ..... 
· ··t'heir ·needs. Thus, each investigator would, in general, 
-· 
- . -
,r ' 
employ different specimen design, environment; and stress 
state; report his data ash~ saw fit, a notable exception 
being the sec testing of st'ainless steel wh~re_ a boiling 
concentrated solution of MgC12. is generally employed. 
The entir·e !ield of SO: testing w~s given a rather_ 
rude ·awakening with the pub·lishing of the work of Johnson 
( 14). Here, :for the first time,.· the approach of fracture 
,; mechanics was used in the environmental testing of. a metal 
. . . 
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' alloy •. The contra.st between~ Johnson ts results and -those· 
. ' •;.; . 
. >;. 
. 
····· 
obtained by pr_evio·us. ~nvestigator s is fioth:h.ng .s·hort of .. · .t .. • . . . . • p..-. 
• ,~ :. ~ 
" • ' !, • 
. star,ti-,ing·~ · It 1fe.s chiefly on -the basis of- -his °WOrk th,at . . . 
the· in-vestigatiqn reported 'hexe was patterned. Fracture 
,. . I 
' mechanics was the main- ditf.erence, along \ri, t·h the applica• 
"'· 
~ ..... 
. . - -·,: ,. 
- " 
.... tion of we1:·1 known physi·cal cheini str_y tes,hniques th~t -led 
-~ to the definitive results of Johnso·n ~ - While· this work )led 
"' to surprising results with steei·s, much _the "sai:ne type of_ . . ' 
approach was 'being employed by Br·o'1 {1s). in :tu·s work with 
titanium. --Again ;,-the application· of .fracture mechanics and 
the somewhat novel method of testing, yielded surprising 
. ·, 
results when a supposedly non-.susceptible titanium allo_y 
•, 
failed abruptly-in the medium o.i aqueous 3\% NaCl. 
The work o:f Joh,nson and_ Br·own was subs~quen __ tly rein-~ - -i-
• ', f"" L.:i/• .f 
:.f:orced b·y McEvily and Bond (16) wit'h .their findings in~ 
, 
·b.iass and their subsequent mechanism for stress co~rosion 
• . ...... frl..,•r •, • ~ . 
. ··,-.............. , . 
..... 
failure. Sim,~lar be~viour has also been reported in alllM ~ ' g 
-../'.. 
J 
minum. alloys {17) •· How~ver, there ;has been some qq.~stion · of 
4 this work (18) whe_n an attempt .. was made to reproduce t·be 
aluminum findings~. Iti any event, it seemed reasonable to 
try and apply this new methodology to.the sec of aluminum 
~ 
alloys. Perhaps, by-so doing, a unifarm theory, or at 
least-a consistent phenomenological treatment cduld be estabtl4 · 
.. lished to deal with the incidence of sec in metals. At the ,,. 
. /h ... 
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very least' perhaps design criteria: could b'e ··established to ~-- ~ - ' 
. 
~ ~ ~ 
. reduce the danger of structural; .f:ailur~, .from stress 
corrosion cracking. 
• 
/. 
.MECHANISM 
,,, . -
-. @ 
' 
,-
=-=·· 
- "'I' In· the pa!lt and at th·e present time,. it is· fashionable .,..___. c• '"-'--· " ' 
, 
for an~nvestigato:r of sec to 'hold to or postulate som~ ' 
-
mechanism -r~ponsible·· for sec;:. By mechanism is meant' Mthe (~( 
•, interaction of those, parameters of the sy.stem of stressed 
metal and environment thought to .tie important and occurring· 
in the ordained sequences. 
There have been any n~mber of mechanisms proposed to 
,•. accoun~--!"~:r- sec. Only those ~( general import pr proposed 
-
. 
../ for aluminum alloys will be ·considered here. They will be 
divided, for convenience, into the classifications of elec-
1:ro ... chemical, chemical-mechanical·, and ph·ysical•chemical 
_ ~theories. 
. .. . .... ----
The· cl·assic electro-chemical mechanism proposed by Dix ~) . 
. ) (19), for the sec of aluminum involved the pre.ferential dis-~ 
I 
• . . 
soltition,,,,ei grain boundary precipitates to cause a sharp 
stress raiser. This allowed a propagation of a mechanical ¥1 . . 
?-
\ 
stage of cracking or simple ·fracture to proceed for· a short 
dist~e before its arrest. ' . ' "" Corrosion -would then be ini• 
' ., 
,,., 11', 
.,. 
't: 
t;ated with the repetition o:f the entire proc·ess. The pre- ·. 
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:('ereiit1!1 diSsolutio~ waS' t}:>.oUght. to b'e. explicable iii- t'erms ' ' 
~ 
. . " 
of. -ele.c:"trochemi:fli:y.: c' 
' . 
. ' 
. ,·• As an example o:f _ a chemical•m.echanical ·theory,. ari · ----
• 0 
-./ / ,..---
.· attempt was .. made ·by.~c~vily and Bond (16), to ·adapt their ' 
~xide r~pture theor.y :fo-r bra.s~ -to the cr_a~king o:f aluminmll " . : ' /• ' 
. ; '{·. 
- . ...,.;..,. 
~ ....... 
'alloys. Accord!x1g ·to this theory, a-n oxide ... film--or' .. tarn,ish ~ f I 
_is built up to the point ~here- th': s~ress;(a·cting upon it -
. 
causes·it to rupture~ With the exposur~ ·of clean metal 
-- --
'., ... ~ .. 
_-.::"·~- .... 
. - -,' ~ . 
~ • !, 
. \._ . 
.,. 
surfaces, .. corrosion continues until a new :film can be formed • 
• This .film. grows and is tur.n ruptured, tne.·:_pr _cess_corrt·inuing . 
• I! 'i R 
. 
-
' 
--ill ·a ·r-,epe-titive manner .• -- For aluminum· a,. · oys thls mechanism"'_ ·._ .. 
. '" 
. 
-
...,1· <Ii-
• • 
' I • -., 
originally proposed for br··a:sses,. i·s· ,modified to the extent, . ·• 
. 
C --.... •••• C> .• , . ' 
. that the film..free area- of film rupture is more highly' ano.-· 
. 
' 
..... ~ die and dissolution will 'II_ 
In the investigati·on, ·-it 
QCCU~ ·there pref·erentiail¥ ·c1~~}_~ _. 
was found ihat fT1 Al~-Mg ~l{oY, ,, . · , ·,· ' 
I 
... :-- . ,, quenched and aged, showed a pewe:1; irelationship between cr~c\ 
,. 
• growth r~tes and a st~ess intens~y £aCtor, cir, more speci ... 
fically, to a parameter closely akin thereto. 
~- ' 
: Mor_e along the lines <f. a phy$,ical-..mechanical theory 
•. • ' ; ,.'4:'J ' • 
:..-
•. 
is th~t of Pugh ( 18). His-mechanism consists-..0£ the conten~ 
'' 
tion:~-~~at the formation of grain boundary precipitates in 
~-
~- . l 
aluminum alloys leave a region ·adjacent to the grain boundw 
···-· ary which is relatively free of all~ying aJ.ements~ This is 
closely akin to the sensitization expe~ienced in stainiess 
/ 
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According to thi·s theory, cracking takes· pa.ace- not 
' . 
(') -~ . 
__ - _ _ _ ... ·. through t~e precipitates along the_ boundaries, but rather 
. I ~-.. 
.· ... : 
.1Ji. 
J 
.·, 
.. 
\ 
L ...• 
I 
\ . 
through tl#.s depleted region.· The xeaso·n advanced -for t·his 
' 
behavior· i$ that the depletecr-:regiop, being softer - than 
• I 
~r·· ,,.._.;\ 
, e1thet the surrounding grain interi.or or grain boundary 
• I 
.I 
material is \Constrained by· tpese t·wo regions and this·· 
: . \ . - _C> • - • ' • .· . -
,! 
\ 
' 
-.ecauses it to ~-.. be-ha;ve-=i:n'c a o·:rtttle man-net·.-- The ~el1ctro ... chemiw . 
. ' ' . 
. Cal di.f.ferenqes bE!!~ween ~he depieted region Ld ~he regions 
; • • <, -~ 
\ j 
surrounding it is ·given· as the ar·iving force for· cr~~cki~g~: · ... 
\ .. 
' . 
There is some support _for this... view in. ligh-t of WOrk done 
, .· 
... . ~ , 
. qi! ' . ·.~ '\'J• . ··---41 _cracking \Pur:e .a.luminum which. has been ~ged and quenched 
i 
. . 
( 20), involving acancy formaticln- insteap. 0£: pi:eci'pitates • 
., 
... 
~The,se vacancie:s 
, \ s.omewhat like ptecip:;i.ta_t,es in -~that_ they 
- \ -~ 
. ~ 
harden the mateiial b'1t leave a dE!pleted tegion adjacent 
" . I 
, I ~ 
the grain bouridari~s, '\which is. so.ft. The mate;rit4 still 
. 0 . .. 
,_._exhibits !ntergranular craclqng beht3-vior in suitil.1,>1e environ ... ' 
. . " . ,. ''- . 
·-
- \.,. -
- . 
ments and· ·there is st~ll an : ..eJ:ectrochemica.1 difference -bew 
~-
tween the two regions to ·:act as a a.r·iving force • ,, 
- ,_ 
. 
'----.As a more general mechanism, characteris"tic of the 
' ,, 
so•called physicalwchemical theories, is that tradi tionall:,y 
..... ..... . .. " . - . . .. 
. connected wi_!h Rostoker {21), and Uhlig (2~). Here an ex--
planation highl:r.~ sucCes&....,ful ill th,e treatment o.f liquid .. 
m~tal embrittlement is employed as a general explanation 
of sec; It -is argued that the cracking process occurs be-
r 
• 10 
• 
. ;,r-
' ' 
' . 
·-- .:/. 
' 
I 
. \ 
i, 
• 
(. ~f:·····. 
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' 
cause ;the .. embrit-tl·ement solut-ion attacks -the highly 
• 
strained~ atomic bonds at. ihe crack tip. The ab~~~Ption o-:f-------T~ _-
~ . 
' 
'-,-~ &ospeci f i c ion speoies _ at the crack tip .w~akeried -these bonds 
.,. 
,, 
oausi.ng rupture~ The relative absorp,:iv.e characteristics p:f 
,j 
IJ•_. 
-?.,/ '. .J.. 
. various metal.-ion combi:'nations al.lows for the speci:fici ty o:f_ _ 
- - ' -
-· '' -
' 
' \ 
- -- the process. But in_ a complicated alloy71 the mechanism is 
-• 
11 (potential dependence, etc.). 
There a-re innumerable mechanisms -_pr:clpos·ed: fo_r: the elu .. -.. 
':11 
cidation o:f. scco· and the .alli~ed processes '·0£ ·_h·ydro.gen em.-.. 
f • bri:tt1-e1.11ent, emb±it·tl-en1ent- o:f ionic cr~st-a·1s ·and 'liquid -
/ 
:nieta:l ,~µibr·it.tl·em~pt. 
\·,,, ' 
i ... • --P 
, 
They are both g·eneral and highly 
" 
··speci£ic, often dif:ferin<;t Ininutely· .from each other_ and some- ~ .,., 
-·-
-
times cqntradictor·:y.. At the pr·e:se,n:t.· ti-me the mechanistic 
I ~ ' 
approach does not se.em ·s·ui t~b·-.le q._µef-.it·o ·its :f ailure·s in the ~ 
' . \ 
' 
past and for that re·a-son. no I><?..~·it-ion regarding a mechanism 
will be ta~en here. ; For a most complete review of the lit• 
erature see the articl·e·by :earkins {23). 
FRACTU~E MECHANICS 
Fracture mechanics is -·a branch 0£ classical yi.e'chanics 
' 
.which has gained considerable stqture over the past·decade; 
..I 
':_. 
It concerns itself with the trea tm·ent of a special class 0£ 
problems; those which involve geometric and loading singu. 
11 
1 
.I 
.. -• 
--
.. 
.-: 
. '
• 
• 
. 1 
_- ·_ .• 4 
_,·, )~-. • \ 
·--~~- ~ 
. • ,Q 
-~ \l J.. 
,, ii . ·1.- ... 
larjties and·the \ -
-~ ,f 
. '\ " - . ~ 
- .. ,..,.... - - ,,...-:~· ·- dit · · Th t th d 1 d h b n ap· p-1ied - -·--:--J:9fL ___ ionsi. __ .. e concep s -en - e'1~, ... ope _- /ave-- ~e .. 
" . 
with enormous success to the treatment of real problems -of / --~· 
. 
.fatigue an.d both br~\tle and quasi...bri ttle fracture. It 
;\ '"--....-.... 
. . 
a was a logic.al step to attem.pt the appli_cation. of these con ... _ .. . 
... ,-
.•'\ -
. 
' 
."': .. 
·- .cepts to sec· n since all the_ elem,ents ~ tr.-eated by fr~cture. · 
I , ~ , ,. 
I ' 
· mechanics, n~·mely, a stressed mate~ia.I· of ·known dimensio-r1s . _..,._;_, :,-~-- --- -· . . ... - --- -~ 
~ •' '• 
·, 
,f 
1-.·· 
.:... 
and1 elastic constants., along with· t~h.e presence· 9£ a sharp 
crack (due _to SCC) were p:tes-ent:·· For the fir st tinie ~ JtiiIY 
.... 
accurat.e, or certainly, a more accurate description ·o:f the 
. state of stres·s in the material was availab:1.e. There.fore, 
0 
the variable of stress.can be accounted for in sec.and the 
l· 
problem· is changed to one of ~:l;l<;>y parameter~ and environ..-
.a' .. 
m.ental parameters. A compr·ehen·sj_vt~ review o:f the solutions 
availabl_e from fract·ure me.c.hati'ics: f·or- various modes of load-
" 4· ~--
ing and crack configurat·ions :is-··g_iven by. P.aris and Sih (24). 
What fracture mechanics, and the· ·allied exp~rimeµtal 
testing (referred to 6s a fracture toughness testing) really 
seeks is to define the beha-vior of a stressed materia_l with 
a flaw in it. ·The entire c~ncept .was originally intended to 
~ )· __ ..
.. 
.... ---··· L__ 
circumvent the di.fficul t~ attendant with the µse of stre.ss 
in such a situation while still maintaining a continuum 
model. Because the stress at the tip ~! a perfectly shar·p 
., ) 
"- Y.:,-\ 
crack in such a model under tension would be infinity, a new 
12 
• 
~~·,. 
.-.:.c • 
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approfch \o. such '.~,,~!c!ua~i?n waS ne~d(!d. ~ubse~~ntl;, 
. - . 
;., . 
_ fractur.e mechanics has developed a _pq.Xameter Ki, the. stress . 
,, 
inte~si ty ·factor_ ·:for. a_ cracked mate.rial in tension. 
I 
·, •• 
The '• 
, stress i~ten,~i ty factor allows the stress- tcp be obtained , ~) 
anywhere· in the c·racked .region on the basis of applied 
stres$es arid crack geometrj. KI all~viates the .p;robl'em o~ _ 
ideal systems. This is why fracture m-ecnanics can be use.fill 
. . <) 
,; ...... ~-:.·· . - . 
. in hiah s-t~ength,. b'r:i.ttle materials, ~fatig'u:e crac~- pr?pag·a.. 
. \. 
·- tion and· SC'C. 
The experimen·ta.l .a.ppl,icatib!J of fracture mechanics 
" , 
present,s somewhat mor.e dirficul_-t:y· · than the ·direct applica.-. 
tion o:f the eq-q.ationr of fracture mechanics. An excelle-r1t \ 
-,_,,.-- -, . 
. ·, 
! 
J 
&- : 
.. ,,. ,review of -the concepts employed in te~ting is _ ( 25) • At best, _ 
\ 
. ··~ _. 
., 
' \ 
• 
the assumptions. involved allow a c'.lo·se approach to the ma the-. 
. 1 
matical models that have been developed. At worst, the -
r tll!!J. --
specimen dimension~, material. constants ·and stressing .may be 
u• . 
such as to _mak~hel application of fracture mecha:nics im,.. 
. 
possible. Considerable caution is required on the p~rt of 
an in.vestigator to be· assu~ that a fracture mechanics 
treatment of his data is warranted. 
In the recent pa.st, a great deal of work has been done 
on the ·ex,perimental procedures and the modification of theo ... 
., 
retical equali9ns necessary to bring a degree of uniformity 
. . 
,• 
_I 
. i 
• 
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. .:, 
\ 
'-~ 
. ···_ .: ~'. .;-'~ 
.: ) f ........ . 
. .. 
r . 
.. 
.:·-'·;.~ ._ .. . . .. - - . - - -· ··- - . 
. 
~ .. ,._ 
t;o the experimental ph~$l!~.f .fracture. ~echani~s. Rathek° · ,-
.. . ' . ' . 
. . :,. . '. .. 
. ~~t criteri~ ha.ve been erected· to el.iminate .the ol;,~ 
served anomalies· in ·testing (26, 27)-, and these allow :for 
r 
. . 
the development of the 1;11aterial parameter known as ·-K1 • .1-This C. 
·-··· '. -C. ' 
paramet':.~ ... ·.~,!~ not the mental construct ~-. for which it -rs--· 
' 
. 
-- --· .. - - -""" 
. "' .. ' ' 1 ......... ., .. 
. -. 
t' 
often mistaken. The ;··best 1·11ustration coritrasting these two - - ·-, 
~ . 
. 
. 
. 
...... -..... 
---·:"/'·''' --- ~--·=--==ccparam·eter-s_ i·s.· ·one· given. ~ef e:reqce \·27.J··:·;. tb' 'tlie.-·errec·~--:·~- -·,: -c,---~:~~-:-_·:·,----c-- - ,,_ 
>.~.. . - ' 
. .., ' • . •. ' . .,,_. -- : . . -
::. .., 
<I 
•. 
...,,.... 
' o I 
.(j that, "the distinctio.n ~etween. Krc ~n,d K~~ i"s impo,rtan.t and. . . 
· is comparable to the· distinction betwe·en _strengt·h _an·d 
. ' -~ . 
. .' ' 
stress". > ,.:..·.:-: 
. \ 
In the appffC~tion to re~_I, material~ and -to. the phe ... 
nomenon of sec, .fracture mech_anics makes 'the·, as.s~pti9n that· · " 
. _K1 -is th.e variab_le 
If this assum~tion 
responsible 
is grailt'ed, 
" ~-
. "· 
. -
:for. ___ t1-ie · propa.gation .0£ an· sec .• _ > .. 
"· 
., 
then t;he reason·that· SCC' is -
p . 
~ot obseryed in pure materials is explicable in terms- of thE:1 ... ~ ., 
extreme "softness" of most pure metal-s. . • r 7 • •, This in turn allows ,. .. . ' . 
,, ' . 
for a great degree of 16calized yielding arotind a crac~ tip 
•.• t 
(or -any other stress raiser) and this in ·turn decreases '·the 
• 
Kr at the crack tip to wher·e· the sec process is no 1o·nger 
.• <t, 
r ·',' . 
operable. 
- . This explanation then can accourit for th.e ·o:ft·en ·re-
: ' ported threshold or lower limit. of stress below which stc :c. 
L,/ 
does not take .Place, analogous to the endurance limit of 
some materials in fat.ig·ue·.. That is, ~ can n·ever rise ·to a 
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· su:f'f·icientt- level~ for sec to occur. C' .- t -~ . ... . f:\ 
.~ ... ' '-. 
- , ·- ...... 
-~ ... \ 
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-~-
•. 
- ... 
' . 
-~-
·,c.· .... 
'j, 
.. 
-rhe appl_ication ·or fracture mechan.ios·-to• sec is 
,. -. 't . • •. then 
. . ..-
'~ -
11e-i tJ)er 11npr·ecedenteq:-• n·o·r 
~ - . . ~ . an 
. 
enginee~ing· sta..ndpoint, _ a ,material .can be evaluated con ... 
• 
sist~ntly in ~ ts' tfehav±o'r .:in an 
~ .. 
( ",J;i. 
a9gressive enviroM,ent • 
I • -
,.' ,.,..,µ • 
- . 
-,..· .. 
Consideration 
' . can then be ·-gi·ven 
'- . 
to t4e mat~:rial that best 
• 
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MATERIAL 
--- .. ---- . -- <ti .... 
'. 
_. -- ·'- - - - ' - - '--·. ·- _. ~------ --·='·- ---- ..:... ....... --- .: .. --·~.-"'-- -.. · .. -... ..:.. --- • ~ :...;.......:- ·::···~--;:··-·---'----~-~---. - -- ----- ,.c.______;c__; __ 
. . Jr· ,,., - ,,.... . 
. .,, .. 
The· material used in t·his investi_gation was 7075;.T6 
' ti . 
-
'. --. aluminum alloy .... The composi_ti_on of the material used in 
~- ~ 
"' -,.--i 
, 
the cantilever. t~sting j. s {w~ight :%) ,- . {28). 
. . --r, . 
-
.. 
---------~----- ---- - - ----- ~-~-' - -- ----.----------- ------ --~-~- ... ---~--..--.-----~-~~-_-- .. ~-------------~---~---~-~-~~----------~--- .. --------s1-- -- --Fe··---- --- cu· · · -- --Mn Mg ... "!. - er Zn Ti,. 
• 
4 
J 
( 
.38 .s 1 .• 7 . • 3 2.2 .26 .2 
• 
with the :remainder as aluminum and nominal impuri.ties. · 
/') 
-This alloy is gener·ally obtained in th·e wrought ~orm •, -
·ro_lled s·heet and plate·, extrusions and forgings .. ' 
•, 
. ~ .. 
The material was obtaine.d in two conditions: l} \" 
thick non-clad rolled plate,~ an-d 2) ~" -diameter extruded 
, material. It is the c~eti_on qt the ex'truded m~terial 
l . 
r' that is listed above. The plat,e ·was in the T-6 condition 
'?: 
when received. The extruded ~ater·ial· was received in the-
. 
F · or as-.fabricated condition·. 
)' 
.. 
No further modification (outside o:f machining) was 
\ 
~erformed upon the plate material. The extruded material 
, 
Was brcfught to the .. T6 or more PJecisely, · the -T62 temper 
.'---....____ ,.__.. __ .... ---- :.,, 
., designation since the material was heat treated by the 
author. The extruded.material_ was first solution heat 
treated at 870°F in a iorced convection ·furnace in 
'· 
., 
.. 
.. 
' 
I • 
/ 
.f 
.~ ~- ·--·. --- . -- - -
\ 
( 
', . ' 
1·..21' x ·~,, x l\" slabs· for ·a_ m\nimum or .four, hours' and _-, 
• I , ~ 
, 
.. ~ · quenched in cold water.. The specimen~ were the1i·,:-mach1:ned 
from the slab -and ar.ti:fi~~lly_.aged at 2S0°F _:for 24-·, hours 
.. ~~ 
in·batche:s-of·six in a forced-convection furnace. 
·-- . -
• 4 .;·.; 
. ··£ 
SPECIMEN DESIGN "'· ,. 
.. 
· ra - ~-~. ~-- · 
• . .;o_-
-- -~- ~- ·~ 
- .\_ . --" 
_ __,,_ __ ~~--~····---~-~:-,.r·_,.,.-,,--------------.,-~•--~--4.,- ··" ,v# __ J~~-= •-··~- •-•~---~-A _______ ._.,_._.,._______._~.-.. ......._..._.;_ -, ... _ .,, 
~ 1-:~\ ·l ' 
t ..... 
• 
}. 
'-' 
_ .. 
The design and. cho·ice of_ specimen_ dimensions--' was pre-
dicated upon ~he requirements of fracture mecha~ics, as 
these eJCist-ed at· the ·-initiation oi ·experimenta.tion. _ New 
... 
r equir em~n ts may _ha. ve· QQ.-t-~b,ien ful.l y sa ti ~:f i ed in -1 ig ht ~:1 
improved procedU:res and methods s~ .fo;th ~ore rec~Qtl-Y in 
(27). 
~--.::.., 
-- . 
. ' 
The specimen·s u:-sed i-n· .l). -tensile test_i·ng, _ 2.) .fract·u:r.e, 
toughness testing and 3)··- :stress ·co;r-osion ( sc·c) testing· are 
shown in· Figs. 1 and ·2, 3 and 4, respectively. 
., ... ;· 
I~ 
.,:. 
. ' / 
--The design _of • • related to both spe~imens 1S the procee>-
u.re',.. by which the parameter of ~c is -ob·taj~ned and the re-
quirements 0£ loading the specimen._ For an accurate ~~asure-
. 
,( ment o:f ~c' a state of pla1ne strain must be achieved, that 
• . I /">'. 
is, the condition where necking on the surface (evid~nce of-
tricixially loading that area) is minimized with regard to_ 
.:, 
" the.bulk of the specimen. The specimen can then be treated 
., ' 
as if it is in, essentially, a condit~on of two•drmensional 
stress. This greatly simplifies the elastic· so~utions that 
.. 
17 
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,(" 
!' 
- ---·-·-----------·------·--:'~ ~---. - .... - . ------ - ---- - ·- . 
l , 
- . 1 
- . 
- . - -------- --
--· ~-- "- -- . ,, ----· 
l . 
~--- ~ 
_ I 
are required in' establishing the s··tre,ss- fi.eld ·throughout -~ 
.. l , ....... ,,: -· 
. the -specimen. 
In order to tr·.eat the yielding which take~- place in 
_,.. 
virtually all metals and ~ccoun~ ·xox -the modifications thi_s 
. 
' 
,() makes in·- ~he equatiqn~ whtch ·presume an· int"inite :rlinearly 
. .,. 
-~-( 
-~· 
elastic material, for which 
. Ii 
. 
. •. • .• fu.' 
...., 
·~-
~hey ar_e ~-~ct solutions,1· it· has"_ 
. 
- r .. : --- - - " - . - : . - - .... ·. 
the :;¢.s~ence of a pla/~ti-c zone ·been necessary to,po_~tulate ~ . 
- . 
. 
. -
a\ the t_ip of a_ crack. ___ The size of this plastic zol)e has·_· --
. . J . . - . · 
· V ·. ! • 
---·-- -----------'----~---~--------c-:.c~------'-'----~ --be~-----es-t±nrated-·-1:)y ·-·r-rwin· ---(~29·-J, - as~e1~1g, ---------~-~_-"-_ ---~--~---- --······ -.------· -..... ~.,.. --- ",· -_,,,.-·. -. . . 
... 
. 8 
~ ·~ · .• -
·--~ 
q"f . 
.., __ .~. ,;, .-.. . 
J 
. l 
--. ... 
___ , .. ~-~-
• . • . .. • 1 2 
·.\ 2 7r· ~ y.s. 
. . 
where r is the r··:a.dius of the plasti<? ~o·n.~, b y.s. is the 
·-, 
... '-~. material's:'Y,ield strength and K1 is the stress intensity 
factor-for -the specimen loa9,ing. This plastic zone in 
effect lengthens a crack of initial length a to a distance 
-
. ·-
a+ rand makes the equations of linear elastic mecbanics -
\ 
. 
" valid again outside of the plastic zone • 
. Then,to calculate the values of Kr at which fracture 
# occurs, or ~c' one emplo~s a specific formul\ for the 
... .... 
specimen used. For example, the specimen of Fig. 3 is a /---
·-~ 
. _, 
single edged notched specimen ~nd the appropriate formula· 
\ 
( 24) , j. s 
' 
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• . 
, where. 6 is thE! applied stress,··~ is the crack length and 
. . ~ 
g(a/-b) ·is~ corre~tion factor according to 
-
Gros.s.· (30), 
k 
i'(f.. ~-. 
= V . the finiteness of the spec.imen hal£•wi_dth. 
,, 
Simil~rly·, 
J t 
J 
specimens in bending due to loadi_ng in bendin~-... ~. 
t 
-
£or 
:for 
\ - __ .__ 6_M ___ g (~:q) •••••••• 3 ' 
" 
,., ~ ·---· -~--:-· .. .. -·--·~ -- . -- - -
.· 
. B(h-~)3/2 
·-- ·-------- .C?: . 
------
·• where M is:. t·he applied mo.merit, h is the· spe·ci. men heig:ht ~·- a 
. 
~,. -,, ' .: •.• 
is the crac.k size and g (~h) .i~ another correction f-actor, 
.,_ 
·.·, according to Paris (24), and ·a. is --the specimen. thickness, 
KI-e "is then. the K1 value at fracture. But to know Kr at 
~-. 
fracture.we must know·the vai\ie ~fa a.t·.tr~cture. This 
-
, . 
...tr ~ '. value depends upon theC~lastic zone size whi'Eh itself -is a 
·~ 
.function of Kr.'>',,~o the determination of Krc·is·an iterative 
u 
• 
process wit'n a crack length based on an assumed K1 used to 
.. 
determine ~' which is ~hen used to determine Krc; Krc re-
places its estimate in the plastic zone size formula and 
~Ic is recalculated, a process which, of course, converges 
towards K10 • 
In addition to the previou·s requiremen1s some :criteria 
•.I,_ .. 
are set regarding plastic zone size to thickness ratios for 
.,,J. 
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~.·· . _ the 'eci~ens_ to be considered. as ill a state 0£ plane ~train 
~ -~ ·>· · ·• <·· -{the stress Cortditioris under whiG,p th.e e~ua"tiolls.)lo.ld) ~nd 
-..:__ 
·r 
.. · 
......... 
.. 
V 
·. the r~quirements fol: "pop.in", th~( exact· moment l • • at wh1,·ch ;,~f• .. ~ I •: 
... 
, .. : .. ,., .. 
j. .failure is considered to haV'e_b-een initiated., 
.~ 
Consideration ··· 
·., 
. 
·~ 
.'."L • ·• •·. 
of these .. !acto~s is 4eferr.ed_ until later.. ..It. should be ... ' ·~ :1 
;i ""'-
~ 
f 
';fPted that in the cantilever type .test> thei'e is a shear · 
'f 
-~ .... 
. ~ 
-
. stress as· well as .a bending ··moment on the specimen. · The 
.. 
sheat stress is negligible. in compar~~on wiih the stresses-
\ 
. I 
' due . to bending. " ..,..,..,,-
... 
·' ' ' ,,,:: . 
~.~'"·.-
.,I 
.. 
' ~ 
.. ' .. 
EQUIP.MEN!' ·-
The fracture toughness· ,tes~ing_ in· air· arid in· environ-, 
. ment· was· performed on an Instron t.esting machine and anal ... . - 0 , .. 
of· #' " . • loading data per:formed in, the outlined ~S1~J. was manner. 
.. 
- . previously. _,,y· ~ 
,.Y 
-The stress • testing of the extruded material corrosion 
,. 
was performed on a cantilever apparatus, shown in Fig. s., 
~---
which is similar to that employed by Brown (_31). The test 
specimen was· clamped at tioth ends and the_ clearly .. visable 
1 
-portion in· the center amounted to approxi~ately 3\". The 
environment employed was a solution of reagent grade NaCl 
-~ in~-ionized water .from a Research .. x ion exGhanger. 1'he 
3~ concentration was by weight. The solution .pH was / 
.... -~---.,.__, 
. \ 
measured • pH of using papers the resolu·tion of one pH number 
~---"" 
20· 
t., 
~ t) 
'·. 
.. , ... , 
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• 
·-
-~,:--
.....,, 
. "\. 
... 
..., 
\ 
\ 
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_. -··· ~:._:----·. 
' . 
. I 
) . . .,.,_ (" 
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.. 
/, 
·.,,.,, ..... \• ,.•' .. ,. . 
.- ------- -
.. 
""- . 
-· 
....... - . . . 
__; ~- ·.-
' 
~·· 
.. _: - . ·- _· 
--· .. -· .:.,~ 
'?- -·· 
arid was cons;is.t~ntl~ between a pH .of .9 ,.and 6.-:· 
.. "d!}fl . 
-------The chambeI used···_·-tro···Qon~ta:fn _____ the. ~nvironment __ had -row:· ~ 
-
•) -
-- --------·· 
- _' -
__ _: ' . 
,, 
or its' six sid;es made of plexiglass. The other--two walls of 
'--,i , -· 
. 
·the· chamber ·consisted of _):leoprei,ne -and -ax:-'e ,the · sides-·-t-:nrou~fh -- ; ---··--- ·-·--·"-- ~ 
' 1 . which the ··specimen entered 1.and exited from the enviroQment. ,. 
.. 
-rhe Co11;1pone1:;1ts ~ the container and the. j6ints between the 
.,. 
specimen and the neopreme was_ sealed with a $pecial Ea~st.man 
J 
. . 
. 
. 
.£ 910 Adhesive and waterproofed with Budd GW-1 waterproofing 
. 
..,-.,, 
I 
as is used on strainc.gauge~- This ·arrange~en"t was used- for 
b ... oth · the Kic testi·ng J.n en·vironment and the sec testing • 
. 11_, .... .,-.-.0, . .:., 
--~-- • 
--
• h 
· ... •;. Dir•ct ·measuremen·t -a£ crack growth was· accomplisl1ed -
. ,, ·,t,, ~ . .• 
' b), ·u:sing' Gaertner telescopes with a m~imum resolution of 
. -,. 
.... , · ......... ~·:·-e-•-,•.··\. ··~.-.-·--,- . 
~-. (10005. in • 
.. 
. .... •' 
. 
_,..,. The plate specimens we:r:e .fatigued-, -on a modif'ied creep 
stand. The machine was modified to cycle at 32 ·cycles per 
' minute and applied tension-tension ,cycling of load amplitude . ~ 
. 
' of 500 lb~ minimum, 50'0~ IDs. m~imum. To fatigue .the 
extruded specimens, a Budd f'ixed displacement machine was 
used along with the lever arm·rrom the cantilever testing 
t, 
.. 
rig. This machine was able to crack the specimens in bend. ~ 
• ing, so.that the same state of stress would be present as 
was used in the sec testing. 
,( 
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··sPBCIMEN _PREPARATION-. 
. . --.. 
,,?,'. / 
-- .,,, 
" The plate specimens were machined and subse·quent,ly 
·n0tched.with a jewelers saw to depth.or 3/4 ·inches. Th~y 
' 
. 
• :.1-·. 
--··. ---'< -- -- --·-
'.•I .. ' - ··--- ··-
...... 
were then .. placed""""on the creep stand under stress and the ~---·-·-=• -- ··---. --- -···-··--------;-·--
I 
' <' 
. 
'.; ~ :• base of the notch which had been formed by a·specially 
,, 
· sharpened jeweler saw, was scribed with a.razor blade .. 
. 
-They were. then cycled. at approx~mately 'so·0-.4000. lbs~ .. teO:-· 
. (/., 
·. · sile.,.tensile loading. .Once a crac·k had appeared the load/ 
. ·;/ 
.. 
·li 
-. r 
_ was· p~ogressively decreased as the cr-ack grew to th.e point ·. • 'll, 
"""-t....-. 
- w,:qere the loadi~$:J,.·'!"a~ appro~imately soo-1soo· lbs. from,, 
-~ • .t,.· .... , 
maximum to ~Vtimum. .. . 
.'\•. l •. 
. .. 
The ex~ruded specim_~ns after heat treatment to -T-62 ~ ~ 
.. 
. .. 
__ 1.·.,~~:; con~ition were fatigued for ·approximateiy 100.,000 cyc·1es. · 
They were cycled on the fixed displac.ement machine at a· 
.. :;:J< setting o:f 3 on the Rotor eccentric and 1800cpm. The 
'·,-r __,. 
·, 
- " .. -~·~·--: ·~· 
eccentricity depressed the lever arm relative to other 
end o:f the lever· which was :fixed. The specimens were 
cycled with a small compres·sive load. Once a crack had 
',-,• 
' ' 
, appeared, the eccentricity was deer eased and cy-cling· con,w 
tinued until a crack 1,ength of. ~pproximately 0.20 in. was 
ob·tained. 
The surfaces which would be observed were ground on 
wet papers and lapped W1th one micron aluminum abr cisi ve -'.7 
in accordance with sta~dard metallograp~ic~t~chniques. 
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~ior 'to the ;atiguing, a notCh: was .form~ with a jewelers._____ 
' 
f: 
........ 
·' 
/l' 
• 
:• ... 
saw and the specim.eris were ·scribed in ·the same manner as 
-"' . ~ "the plate specimens. 
. ''! 
The fatigue. crack- leng·th on both sides 0£ the specimen 
.. 
. · wer_e measured using the traveling stage or a Tukon hardness 
.tester. Th~ specimens were then sealed in the .P~,_9.stic box 
• 
I I J' and wate~proofing was appl·ied to all t}?.e joints externally •. ·-- . 
. ( 
' . ... The' proce9,ure .followed in loading 1;:>oth 1 type's spe~imens 
,:wa·-s to cal(?Ulat-e th~ weight. needed to --obtaf'if '·a p:tedete:rmi~ed 
"i 
K:t ___ .,1-evel- at the· sµ~face_ crack tip •. - Th~ Eight was then 
. 
. applied~ the so·:lution"introduced, and the crack length meaw 
sure4 again~- . ~or the· extruded m~~er~al, ·th~ ~oment. apf ied ( 
was the product of th~ weig.ht applied a.Ild the dist.ance from 
the point of ap.plication of: 1:-he weight to t·he crack. In the 
! 
, 
' . I ~ 
I pl~~ specimens, the s:tte::s_s · ort the single e,dge .notcJ:ied · speci-- ··-· 
-~ 
' 
mens was produced. by loading fhe wei,ght pr o:f a 
with a mechanical. rat-ion of 9:1. The stress was 
per unit area of the full plat.~ thickness· • 
• • 
:. ~· 
CRACK GROWfH MONITORING ( OPT~ CAL)~ 
. 
er eep stand_ 
the force 
,!~e crack growth was ~oni tared· in the e.~rly portion 0£ 
·investigation using only one telescope •. The telescope 
would be focused on the crac~ and the cross hair of the 
C\ 
. I • 
II 
~3 
·" 
•• 
.. 
·-···,• 
·\ 
,, 
,· 
V 
I • 
-- • \11:-"--·- • 
,.· 
,, .; , 
. · . .t, 
~ 
~yepiece ~la~ at the crack ,;ip:" · Crac~ growth ~as-· 
.. '°I''•'·. 
' . 
- f ____ -· . --- --
- . ,,, 
"'''""·---· ------ ---··------~- .. -·· .--- ···::-'·· .-- ---- . .followed by moving t~ cross hair. 
. 
. , 
·when· the : rpg-e ef _· t-he 
/lb 
~ -· 
••• •• >o '" --- •••• -0·<0 • • N-• 0 ,, ,, '·•· ••• ·•••n• 
................... >"''"" . 
• 
, 
.s 
...... -·_ --
_,'~--~ygpiec~ was exhausted _the ... .¢li.s.t.anc.e ..... b.e.twe.en-------t-he~-.. -t-i~,"Gf.~_:7he - ··· 
,,crack and some identifying f'eature of the ·surface would be 
' \ .. 
. .,., . . . . . 
. 
. -- --·--- - - -· - - .. - --- . .. 
./ 
.. '\·. no~ed. \The entire telescope owou;~ then be translated to 
allow .for more cross·hair movement. The distance from the . .. 
.,., Q 
-"',(' 
feature to the crack tip that ~as ·previ9usl~ measu~~~would 
' 
. ,. 
again be traver-sed and any .furth~r · separation· would be at• . 
""'- .. ,: 
., tributable to crack growtn-occuxring during the time o:f -"-
\ 
<., :···,, · · ·' - adjustment. -· 
,'::: -· . 
!".• 
-....... 
6' . 
.. 
·. Subsequently, an additional te-lescope was placed on 
the-opposite ~ide· of the specimen and growth of both sides 
. ' of: the crack could then .be recorded.· This seoond scope· 
did not require g;oss adjustment while .fQ!llowi_ng th_e crack 
tip •. , Cr_ack growth was recorded as incremental change in 
h 
crack length between time intervals. 
/_1 
. ..... 
. I NDI RECl' MEASIJREMENT OF CRACK GROWTH 
~ To compensate for the discontinuous monitoring of the 
crack growth which optical examination represents, two 
~lectrical techniques were deve-loped to fill in the gaps 
between readings. The first of these was the use ot a 
line~r voltage differential transformer (LVDT) which was 
to measure the deflection of the moment arm as the crack 
24 
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output· .f:r;om the· LVDT was recti.fied and measw:ed 9n a Leeds •. - 0. 
and Northrup millivolt recorder. 
! 
.. • . • '0 / -
The cal1b1:at1on of-the 
' ~ 
. output was a~complished by __ p1acing. a dial gauge on top ox 
..... -· 
tp.e transducer plut;tger and noting the incremen_t.s in the 
. . 
. . 
transducer output which corresponded to changes in dial-· 
gauge measurements .. 
. I"' 
"'•-~ 
· The othe.r method of indirect measurement consisted o.f -
<? • a s·t,rain gauge af.fixed to a piece 0£ stainless steel.-_ This 
,. 
., ...... _.:!" ',•l 
·-~---·:: ' .. ·' - . '' _;..__....:.---- arrangement sat in cantilever .fashion on a support, with 
!' 
.-
~ I ~ 
. . . ' 
the _.free end touching the lever· arm from which the· weights 
·used to apply stre~s.hung~, As the arm would translate, 
. 
. . the resistance strain .ga-uge would unbalance the Wheatstone _ 
.. 
/'• -
I \ 
bridge o.f a Budd amplifier. The. output o.f -thi~s instrument 
was rectified to give volts, DC and this was measured by a 
.. 
Sargeant r·ecorder and had the uni ts of vol ts. The sensi ti• 
vity o.f this device was l·imited to .oooi in. of lever arm 
displacement of the apparatus. 
~ ,.'-· 
TREATMENT OF DATA 
·1. 
The data obtained was p1otted as crack growth (from 
the initial values o.f crack le~gths·at inception of 
I 
testing) or.~ against time, These plots, for both tela. 
I 
scopes, were.then averaged to give a as a £unction 0£ time. 
-
... 
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Then- a LaGran,gian po·l·ynomial .fit was maMe t<?. tne--average 
-' -
.. 
··data poi.nts .to give a smooth curve •.. The· pblynomial so de-
. -
-
. 
veloped was a .f if th-degree pol ynomi·al wi t"h time as· the in• / 
--------.., 
-.dependent variable and ~ as. the dependent va;r_iable. Such a 
,,• , ........... -polynomial required data from six points for its establish-() 
• 1.5 
ment. 
"i" .. So it was round expeditious to divide the data points 
' 
/' ti 
·1nto tw~-· overlappin·g regions ·and,: for a given set of experiw 
0 ~ 
._ 
mental data, develop a polynomial· for ea~h porti·on of the 
,{;< 
experiment.· Thus io··or 11 data points, rather t;h.an~ six·._ 
could be used to establish a vs t~ The ~verlapp~ng regions 
--
used· in·· 1::h;'gevelopmen-f: o} the polynomial ensured that the 
.. ,._ 
, 
resultant polyn·bmials were accurate near the ends of the 
... 
As, &· further pr~ " 
•. "I, •. 
r~g~o~~ ~for -~~W:h!q.h -,tgey~ ·were .developed. 
- '1 
. 
caution·, data points not used in the polynomial development 
-
' 
were generated through the polynomial fit· :for that region 
0 
·' 
. ·"\ -
and compared with ac~ual data taken during testing. A devi.- " 
r· 
• I 
·ation ot less than two - pe':rcept between the value predicted 
I 
. 
·by the' polynomial and the actual data point was considered 
sufficiently accurate to allow differentiations of the 
• 
polynomial a·nd concommi tant roughening o·f,_ the data without 
excessive loss of accuracy in determining da/dt. da/dt was 
- -
- I 
the desired result so that it could be determined, whether 
or not this parameter w~s a,function of Kr· This parameter 
/, 
was then plotted against KI. KI .was determined by computer 
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l 
_._,r· 
._a 
" 
!or each specimen ( since ~heir dimensions 
_as ·a ·function .... of ·crack ·1eng_th. No plastic 
\ . 
- ion~ were m~a·e in the calculation or KI. 
· __ the only variable that ~hanged during ~esti~g; the slight .- . 
°'.":• 
~ ti . \· : 
amount of shor:tening of the lever arm distance duce to rot·a-
tion -.was .neglected. 
. . 
·As ·a, check on. t·his procedure, a polynomial was f'i tt.ed · 
'( 
to· the data .using_ a Raynor.wNewton polynonui.'al obtain~d :from 
' 
,:; 
- ~ 
. 
the program li.brary. This approach .allowea polynomials q:f. :· 
varying orders 
..;.._ 
curve~ Again 
to be 
the fit 
used 
was 
in approximately ,the data average 
made in two parts ·which overlappe.d. 
' ti, '~ • 
It was :found that the :first.portion of· the data, to the left 
.. 
of the planar crack growth region, was· best :fit by a fifth 
or sixth deg,ree polyn_omial, while little additional-accuracy 
could be obtained in :fitti~g. the second portion of the cur~e 
§I 
. 
with more than a first order polynomial. 
It was found that in ~ost cases, this. second pro~edure 
was more accurate than the one p~eviously described a~d most 
., ~ 
of the da/dt vs K1 curves were ~~nerated by using this 
second· method. • 
POTENTIAL MEASUREMENT 
. During one test, potential measurements were made of 
the -open. circuit potential between the specimen and t.he salt 
\ 
·" 
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----- #, . I 'l t• • •. • • -~:~:.':~- --- , · · ·~-selu-ti<3n~ -These measurements were made by setting up a cell 
-···--···,·· \[ .. . 
I 
' 
' 
' 
-J: 
:411 
...•. 
f .,' :··--. ·-"~:-. . •, ' • - - / 
,.,, ... 
-between a saturated calom~l elec.trcidec and ... the. specimen: 
.,-
' ·-
calomel / / salt solutio;n II Al . _, 
• 
' .-, 
" 
-· I 
T,his arrange·ment co.nsisted of a calomel half-.cell constructed 
. 
in- th~ laboratory ~foined to the soiution)·surrounding the __ • I 
specimen· by fla salt bridge ~f --~Cl· ~lved in -~ar-Ag~. The - . 
. . . ,· 
. 
..,.;; 
~-
- o-ther potential lead wa$ taken off the grips of t.he specimen. 
The resistance of the salt btidge was .080 .ohms. 
<. 
. . 
~ 
' !The instrument U:sed to record the potential ~££eren.ce , " 
. was-: a .Sargeant millivolt :r:ecp:(der ·wi tp. a sensitivity of .. . . . . 
. ' 
r 
,. 1 milli~olt (above -~he.- "noi~e" o:f the-fO:i:roding alum;n!-1Dl) • 
·_ 1 
- u\':- , . , • ·' . :. ., , 
. 
. 
On one occasion, -salt solution, drawn from the solution sur .. 
-
·roun~ng. the specimen with a· hypodermic nee4J_e, was injected 
-
into the crack and the response time of· the potential shift 
- ·was monitored. 
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1 LONG! TUDI NAL SPECIMENS ... 
• r 
/ 
', 
. .,. 
..,9' 
... The average tenslle -propexties and .KIQ va~u.es .. f~r -
, . ·:i. 
- ·- - -- . , ... ··---- ·-- -- --·--·--·----
. - --- ,. --- -----
. . ' 
... 
_____________ .:.___~-------------:!'-_ .p-l·ate specimen a,;e shown in T~ble,···1. The tensile data is· 
... ,._-i •• : •• 
•_;,.·:, 
·-
. 
. 
----
-·-···--···-·--···--·--····- .- - ·-·--··-----·· -- ··-----
.. .:_. ______ . ----· ----"--:;--i-~---_--~c-. in good agreement with the _average values· {32). The value 
given foJ;tfr~ct~re-toug.hnes-s does ~'lot agree well with the:· I·, 
,; 
.data of Kaufman (33) ._ This material co~stant is ~signi;fi-. 
. ' .. 
cantly higher; ·which is at·tributable to f ail.ure to· monitor· 
"po~i-n" dU:ring the te~t.. The data- was obtained from a 
0 k load vs. -time· plot on the Instron recor·der •.. Because the 
:.\··:.change .;in. specimen compliance· ~hat accompanies "popwin" ~ • 
··~ 'f'. 
' didn I t regist.er unambiguously on this sort_ o:f record,·::· the 
load use~. in, calcul.ating. K16was·--·that of the maximum re--
.. 
corded. ''.Po!)Win" generally occurs at load values signi£i..-~ 
-
c,antly lower than that 0£ the maximum. This is why the. 
value· det.ermined in this investigat~on was so high. 
.. 
.. It was realized thst sec susceptibilit.y of 707S.T6 
~n a· longitudinal sp~cimen is low {2). This is g~nerally 
attributed to the directional grain structure found in this 
a~loy as shown in Fig. 6. ~The direction of the longest· 
... ' 
grai~·dimension is the axis of applied stress in the fatigu. 
ing process and in sec testing. Any ~~sequent stress 
corrosion cracking ,would have to grow in the direction 
1ndicated. 
. 
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. . This was . indepd ·tqe. case as :is shown i'i-1 · Fig,-~ 7 • I . 
• J 
• 
•' ' 
l • 
Clearly. visible is the -end of a. er ack whi.ch· has· been gro·WJ.ng 
in a specimen o·f ~p·lat.e 7:07S-T6 for 55 days at an ini~ial"" K1~ 
value of ·20,000 lb7"3 •. in.*312 • Thi$ cxack-~i~seen as it was.· 
when the specimen was removed. The corrosion prod.Uct on the 
~ 
: .. surface is quite evident. However, once the ·surface layer 
was· .reDioved, and. the specimen etc·hed, the c~ack was quite 
.,t 
"· 
. . 
different in configuration as is seen in Fig. 8~ Perhaps a 
· better description might be ·~lon9a_t_ed p~t of soxts since 
there was a ·net •teQs:i:'b'l'i of crack size to .t .. he· extent o'f 
.•. ; 
.057 in., but also a w;i.detting as can J>e seen in the photo• 
1 
' ·•;//' . . . '. ....... 
-~ 
·• ' 
-. graph, .c9n,ipared to t.he fatig.u?·.~:ack- l~a~ing into. the pit. 
,.,. 
... ./ . -~ 
Remov-ing some more material (.010 in.) and ~looking more 
closely at the tip illust:rat.es the terraced natur~ o:f the q 
.-:.:.= 
.. 
. interior of.the pit in Fig.·9. .A--, 
.. 
. While these observations were interesting, t·hey didn't 
~- . 
. 
seem to be representative of sec of aluminimum alloys, since· 
the cracking was not interg~anular in nature. After this 
initial test on a longitudiqal ·specimen, the emphasis was 
shifted to the in~estigation of the short transverse grain 
·orientation. This orientation, in practice, presents a much 
more ser.ious pioblem. 
, .... ,.. 
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I SHORT TRANSVERSE STRESS CORROSION CRACKING \ 
• 
' 
.. 
fJ . 
All the sh.ort transverse \iesting was perf?rmed on the ' · q 
extruded material whose mechanical properties "are given in 
.. 
Table. 2. This material also -displayed the eloriga1:ed grain·,- -- . -----... - . 
structure but the grain!; -displayed more cylindrical 
,, ' @ ~ ~ symmetry than those of plate mq.:terial. . However, the direct--
• 
ion. 0£ stressing and the crack growth were_ perpendicular 1t·o. :}. ,, 
I 
• th~ direction of grain elongatiop. This is· illustrated-in 
.. 
B-. . ~ Fig. ;to. This photo·mic:rograph· is taken near the center '·of-. 
·-··· -· •-
the extruded billet and it ·is· in· th.\s region that the er acks 
. 
were propagated. All ,t-ne· following discussion ·re.fer·s to the 
. 
' 
~ res·ults of.testing on· ~:hort transverse spec_imens·.0£.e:,c,t.ruded 
----
•· 
,,, material. 
~.····. 
CRACK GROWTH 
The crack grC?wth data is shown in Fig_s. 1·1. to 15 and 
for the purposes oft~~ discussion, the· specimens to which 
they apply are called 1 to s, respectively. The data is · · 
................ 
plotted as two crack length vs time curves; one curve for 
each telescope, each telescope on a different side of the 
crack. The average curve p_lotted of the two curves was ob-
" 
tained by averaging the values o£ crack length for each side 
and then plotting these points. 
Th £ th .... ..+h f . '1 5 e curves or e average grow~ O· specimens to , 
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QUI ET SOJ.!JTI ON _ ~- . < I 
The .first -three specimens consider·ed _·w~re all s·tress ... \ '. 
,._ 
. ·, 
. • ' i-.·,-- . . - • . , -· . . . • - . ~ . . ~ . 
, corrosion cracked at ambient temperaturEt an~. :tn· 1 quiet ·:sol~,--
~ "~ 
·' ~ 
( ~··· ( 
tion. 
k,_ . 
~: ~ 
'h " -, 
.. 
. . 
- : From Table[· 3 ·it· is apparen't -that, it;1- quiet ·solution, __ _ 
' .,, . 
- ' . - ~ 
·t : 
-- .. f 
the b.ehavior o:f 7075•T9 ~.is re·producib·?J.;:e· and. that··. vaii.atiori 
~ 
. 
. - ' . . . ' . ~ 
- . ' in ini ti.al ~oadi.ng_ ('init.ial k1 )_: will ··ci,ian~e t.he ·time to __ f~ailw 
' . 
I 
ure. _However, i'.t is· -not clear· that, _dur,~ng the process of 
-~ 
' . . . 
SCC in this· alloy, Kr isA,,the .-decisive_ ·par.allleter in ·deter.minw 
ing growth rate. . '/~ 
. ... ; . ' ,· By starting the :s·cc of a- specimen at_ ,.lower· .-Kr · value,, 
t . ,/ 
C • . it is necessary···t:qat ·~he crac·k grow-to. a greate.r.lengt·~h 
,· . 
. . '----
than a crack in a· comparable specimen -st·arted at· a higher_ 
' I • ; • ~ 
• • 
• > l 
.. 
K1 value in order to achieve Kic (solution) ·and fracture. 
-·. If -Kr was tp.e determining factor in sec of 707S-T6 1 
agitation of the "solution shouldn • t lead -to order of magniw· 
tude differences in times to :fa·ilure, as· between specimen 1 
arid sp~cimen 4. . -Also, the rate of cracking at identical K~-
values should be equivalent. Tha .. t this is not the case,. 
r 
_.,, 
- I 
' ' 
. " 
.. 
. . . can· be seen from a comparison of Figs. 17 and 18 on one 
hand and Fig. 16 on the other, ~~ere dissimilar steady 
. ..,,.· (· ·. \• - ' 
. ,,, 
.. ' . 
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·At this poi]'.l_t·"-",1it might be well to -examine, the K1 at ~ \ 
tailure _which· we· will ·call. J<t~.· ('.so_lµtiori).. Table 3 lists . : ,. - . 
• ... 'I""·~ ,., ... 
the values for Kie (solution}. Tb.e V~ues are all rela-. 
' . . .. . . ' .. . . .. . 
. ' 
'. 
:_ .. t~ .. ~el~Y clo_~e for the qtiiet. solution whiC?h. __ i.~ .-to be expec!ed 
. ~-· 
II!,<( ,. 
_,, " 
.• 
. - . ,: 
',,,• ., -· 
.. since t~i.s' parameter. should be -a material property in a 
given ··.environment. .. . 
. ' ''I?, 6'1, . . ... . ' ~-- . 
-~- ·-:_ .. · One more point_. regarding these specimens is o:f in .. 
.. . 
' 
· terest. · Start.ing with a bowed c-rack front at· the begirini,ng .. _,_ ,.e' 
,. 
I 
I 
I . 
I 
• 
, 
• 
I of a test, al.1 ,th·e specimens exhibite·d·a re~~rkably .flat_., 
·¢. 
., 
.. 
'. c~k'fr~nt a~ tpe poi:nf of _Ji':9,cture. This -can be see'h i~·-
. 
. 
. from Figs. 2C>; to 23- which represen~ specimens lw4, respect•, 
ively •. · Speci_nien 4-di:ffe:rs·from the other· -three in-that air 
was bubbled- "through ·the, chamber during testing, yet similar• ., 
i ties ~n frac1ure appearance .remain. Here tru;ee regions can 
,,,. distinctly be seen; a precracked r_egion, a sec region and a 
f' 
'L 
;Y iJ 
region of fast fracture. This behavior is in contradiction 
with the observations made in other materials when tested 
.. 
under plane strain conditions as is the case in high strength 
steels Mulherin ('34). 
The iriitial position of the c~nter relative to the 
'-
( 
edges during cracking is marked by a horizontal line in 
( 
Figs. 11 to 14_ and can be seen to £all just beyond the point 
where crack __growth tends to approc1ich .a constant ·rate. Fur ... 
-. 
th~r discuss~on of this beha~ior is taken ~p subsequentl? 
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ia the section· on· Specimen Fracture Appearance •. i 
. .,. 
- ) 
AIR _AGITATION, •l f. 
.. 
.. Specimen -_4 was .run i_n a. solutipn agitated by com.t 
·1, ~~ 
' 
,g 
• pressed air being bubbled ·through the environment. This_ , 
- T 
agitation was brought into play to try and reproQuce 
/ 
/ 
... 
earlier, e.f.forts no"t given here because ci.f lack o.f ade<{uate 
crack g;rowth ~data,. but similar· to the-- condi tidns · used £or 
speci~en O; the specimen 6 surface appears Jn Fig •. 24. 'Here 
I . 
I 
the tim-e spent in cracking is· muc;ti- shorle.r for ·an, initial · 
,, - "" 
, 
' . 
.... K1 :.o.f 13,500 lbS. in .. • 3~_.2'.; · TQ.is ~ight ~e \~tributed t~ the 
-\ 
.. ' 
~-
-~ 
-· 
~ ' 
. agitation or the airatio-n· of -tb~ solution·. ... Again, the' ·< ' · 
., 
/ straightening _0£ the _bo~ed f __ ront ·was occurr_i·ng,· with much 
. ,, 
mor:e growth at the specimen edges than a-t the, center. 
~, 
ARGON AGITATION 
To make certain that the_presence o:f dissolved oxygen ,t-
. 
was not responsible £or the_ higl)er crack·- growth rates ex• 
perienced_ with agitation, Argon (99~99%) ~as bubbled 
' through the chamber during the cracking of ~pecimen s. The 
Argon was bubbled under posi~ive pressure into the closed · 
container at the.rate of approximately 3 cubic ft/hr. The 
only opening in the spec~fen container was a tube set above 
the liquid surface to preven-t back diffusion of gases. The 
34 
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· ~ · j. · N&Cl solu.tion- used was purged with Argon ror ·a period of . i 
". 
-
'..d-
~- . . . . 
._, 
r· I 
36 hours be:f~r e the . test was ini tiafed to r ~ve other. di?ie 
solved gas.es •. 
' . 
· The crack. behavior :for ·the a;.gon agitated\ specimen 5 
:,,., -
I,. ,. '. 
! ~ . is given in Fig.~ 1·s. Here th·e crack g·rowth was extremely 
rapid. So we can conclude that .the state or agitation o:f 
,··, ~ the solutiop· is of. e~~reme import·ance and ac.ts in the di• 
rection of incretsing crack growth. 
. ~ The reason this type of,. t-est was undertaken was because 
.... 
' . 
"in the very first tes·ts run, the ·solution. had been recircu-.. 
/"' 1' 
1-a·ted by a P!lmp • This procedure was used-"l\to. · try ,and. maintain 
~'I.' ...,;,~,'.\) ~ 
-~ '31 ;.-
an equilibrium in the:NaCl concen by use of a large 
. " 
- 1•:• 
~ 
reservoir o·f t:he solution· ·surrounding the specimen and to 
\_ 
allow constant· filtration of the precipitate that formed as 
a corro·sion· product. The sp~cimens failed rapidly_and mea-
, ' 
. 
surement techniques were still inadequate. It was deemed ' . 
' ~ 
necessary that the added complication of solution ag·i tation 
be removed. The agitation was not severe, amounting~ ap,-
proximately 30 ml. of solut.ion changed per minute. But be-
' I I.,' 
cause the gravity fed, valve..controlled influx of solution· 
was difficult to balance with the pump --ixtraction, this re-v ,,t 
.. 
cir-culation scheme was dropped and on·l y the solution contain-
I 
ed in the chamber was used and the result was the data dis. 
t'• 
cussed under Quiet Solution. This led to much longer 
35 
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:f'a:ilure ·time!-.?- Af~ter.rd,: ·when the b·ehavior in. quiet .. soltt!, 
............ ~ 
. , 
tion was £e·l't. to be suf.ficiently well -defined, a.gitatio~ 
• ._ • .,,._._..._......,.-.. ... --- -·· - - ./ • - ~ t 
r 
of . the' solution by 'air. and Argon was r-aintroduced; with 
~ accelerated crack growth as·. the result~ ,. 
The reason· :for this acceleration o:f crack growth=-Ca!J 
' ,. 
only be gue$.S'.€d at but it was noted in sever··al early experi-
.. ments, as with sp~cimen 6, as well as specim~ns 4- and 5 
; 5 
reported· heJ;e.. The ~mportanc·e of agitation. may. well be that · 
it a.llows growth to th~_§f~t that a :fracture mechanics 
· ·depend~ncy may actual0ly be seen in the dynamics 0£ sec . 
. ' 
CRACK ~Wf]i_RATES ·.1: 
The ctack growth rates were calcu·1:ated .from the poly. 
II. 
nomial equation fit, thr·ough the crack .. length .versus time 
' data. The crack growth rates as a £unction o:f K1 for speci-
mens 1 to 4 aie shown ·in Fig~. i6 to lg; It/must be em-.. 
_--.phasized that tne K1 · values were calculated from the aver ... 
., 
aged observed surface crack· lengths and not from the average . 
crack lengths through the cross section. Since the stress 
corros·ion crack appears to first· propagate in the areas of 
shortest crack length tending to make the bowed initial 
... 
• 
crack form a planar crack front, the·specific value of KI 
is questionable up to the point where planar qxack growth 
occurs. T~is appare~t development of.planar growth is dis• 
J 
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. \-,:"-- ··ciissed !n ··more deta_il. in _i:he. section" on Speeime~~ Fracture 
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• 
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h . 
-· 
· Appearance. 
/ 
_ ............ . 
It is _evide.nt from Fig. 16 to 18, Specimen 1 -~o 3, 
• 
~ 
. 
· tested in quiet solutions, that the crack ,growth is independt-
~ ··,r ·\ ·- ent of -K
1 
region 0£ 
and has a yalue 0£ appro~iDJate 
.. ,,_ /· . 
planar, crack g~owth • 
.-003 in/hr. in the 
.. 
~-:·-· -· 
.• ----1 
The growth rates.- versus stress intensity behavior of _____ ./. 
the air agi tat-ed -specimen, shown in_ Fi_g. 19, do not show a 
· ,,region independ~nt of stress intensi tyy However, t~e aver• -_,, 
age growth rate .£or the air agi~ated specimen was approxi~ 
~mately an ·or~der of magnitude gr~ater than the' rat~s ip tfhe 
JI . 
-
. quiet solution ( .02 in/hr. tcompared to .003 in/h+.). In 
, 0 sfi!?: ' 
~ ---/ 
. 
--~-- .. 
., 
~ddition, t~e-gtress intensity at failure, KI6 (solut~on), 
wa-s lower for· the air agi t-ated specimen than that for t~e 
quiet solution specimens (se~ Table 3). The data appear to 
indicate that environmental. condi1;ions primarily control the 
cracking kinetic'·S and also affect the £allure stress in ten-
sity. 
-Specimens, stress corrosion cracked in an·Argon agi~ 
. ~ tated {deacrated} solution, exhibited extremely ~ap~Q crack 
growth (Fig. 15) which was approximately 0.2 in/hr. This · 
rate.was about one and two orders 0£ magnitude greates than 
-the air agitated or quiet solution rates, respectively. All 
, 
,.-. 
of the tests were performed with the stress intensity vary-
ing over a similar :tange (16 to 20,_ooo lbs. in .... 312 ). Again, 
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· .'. -the data. illustrates·· the impoi;tanoe o:f environ11u~nt_al con~ . ~ 
(~J 
•-""'° ...... 
ditions rather than:stress. intensity as being the £actor 
. ·. ~ . 
· control.ling th~ craclQ.ng kinet.i_cs. 
., . 
However, both in specim.eri s· and an earlier specimen, 
. weight was removed during gt9wt.Jtii· (hal.f the weig·ht- ix:i the-· 
' < 
case o:f specimen 5) and. er ack growth· ceased. an_d did not re--. 
~ 
... ,ini'tiate in three days •. A possible explanation. is thought 
'·· -. 
.< . 
to be due to the plastic zone at the tip 0£ the er ack being 
put into compr .. essiq ... n with lower· applied force. This subse- . ! ._,, 
.,. 
. 
~uently hal.ts .the crack r,l'ld-the inability 0:f a ~rack tO grow ·· -
'- ' 
. ',,, ... 
l ' 
,- ., .. , 
. . 
. . . . . . ... : ' ., \. . 
under compr-.essive· ~tr'esses is well document·ed .. , ' 
. - "!,"· 
'§ 4 
. ·' 
. ' 
' . .... .. 
. INDIRECT· MEASUREMENT a. 
'( 
•, ', . t . . . ., 
;_, •' 
The cracks· in -the vaI'iolis sp~imens, _if we take each . 
I • 
•• 1 "" 
side independ~ntly;··· do·. rr'o·±- show un·i.f~rm crack growth. There 
)::.. .. 
are numerpus changes.in slope and what appear to be .stops ~ 
. . ..,. 
and st~ts in .th~ cracking P!o·cess. It ·is. only when we aver-.. 
" 
age the ~al measurement:3 :from - two s~des together that we 
. ' 
' 
-
achieve a coherent picture. It was ·thi.s · no11W;uni.formi ty that · 1 
/ . -
, lead to tbe search £'4( genuine i_discontinuity and incremental 
• 
., 
c~ack growth. Because the-optical ~ata can only be taken as 
a series o:f readings, some sort o:f cpntinuous moni taring was 
called· for. 
In order to substantiate this hypothesis, an LVDT was 
... 
employed. The,~o~tput shown in Fig. 25, would indeed tend to 
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· su.pport· such· a. conclusion~ This: re:cor·d is the movemen-t · 0£ 
. - ... 
• ' • ' f 
. /1' 
·the· end of the beam .from which .. the weights were hung. Xhe 
·,. 
·Sensiti~ty O.f this apparatus 'was to within .9001 in~ 
n However., a great deal o:f doubt remained as· to whether 
or not this was trul·y indiq,ative of the .crack g.rowth advance. .... 
~ i . . 
ment. For this reason· a strain ga~ge apparatus was dev~l· · 
. . ~ 
. . . 
. oped, and it also measured tl}e deflection, o:f the ·end o:f .the 
. 
-beam~ After calibration,~ the strain gauge read out was as 
s.hown in Fig. 26. This type of device didn't have the same 
'\-.. . 
. --'l . ~-
-inherent instabilities that af".flict LVDT 1 s. The continuous 
-, #.-~,,_. ~ .. ,\~ 
· growth indj.ca_ted . .( wi t~~n th~ l:imi.ts. of the noise ·1evel, 
. V~ 
~· -
. 
• ooos .. in.) contradict·ed th.e -indic·atio·ns g·iven by the LVDT~ 
... 
'· 
.... ) . ' ~ The small variations in ··the. curve are primarily due to 
' \ 
., ~ 
' ·~ 
noi-se in the ~amplirier . for· the strain gauge circuit anc;l limit 
the ·resolution of the device. 
It was determined that the bearing.s of the. LVDT were 
r ---·--~ 
introducing. friction i
1nto the core, and causing. incremental 
rather than continuous movement. The reason for the non• 
linear nature· of ·the strain gauge output is that one sj:~ain 
gauge resistance change was used to measure the beam def.Teet• 
• 
ion and the other resistances of the Wheatstone Bridge were 
:fixed, causing nonwlinear.i ty as the· bridge wa'.s unQalanced 
·1 ... 
.:r--t ... 
· by hi.gher resistances. 
"" . 
The trace was developed simply to demonstrate the con• 
-~ ... 39 
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-
.. 
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IF' 
. . . 
• • '""'· < 
J • 
. tinui ty of the "cracking proce'ss. 
--·· 
The.~hange in direction 
~ . . 
0£ the trace is due to the· con.struction of the instrument· 4;. 
used whi~ll ·reverses .th~ direction of vo.!."tage output for 
··"··. hi,gher strains. Upon .rebalancing the bridge the trace woli.ld 
' 4 
return to·the·horizorital axis and another.growth increment 
0£ the same type could be recorded. .. ......... 
It was thought that tlie incre·mental advance o:f q.. 
-
.. 
. crack front could be noted by Pr.change in the open cell .P<>w 
... - . . ¥\. 
tential values between a standard half-cell ,and the hal:f»cell 
J, 
• 
· ·consisting of the specimen and .. its · en.vironment. It was sug• 
/ 
gested that . t1:tis type of measu.r.em~nt be made and so the cell 
~ ~ 
..... 
previously ·described was constructed (35). The trace or 
' 
' . 
cell potential vs time,. Fig. 27, indicated an equilibriuni 
potential of approximately ... 820 millivoJ.ts between the~satu. 
rated calomel and the.aluminum specimen. The peak shown in 
Fig. 27, didn't occur during an extension of the crack but· 
. . 
was the Fesult of extractifg some of the surrounding ~luid 
·'-
from the container in~ syringe and injecting .it into the 
-.. 
· · crack. This was tQ.e only way a significant change in poten• 
tial could be brought about. · It is thought, there.fore, that 
.,,.. 
I .. ·. 
' 
the concentration gradients in the solution around the crack 
establish the potential and only by ~sturbing these gradi• 
ents can the potential be radically changed. 
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·one,of th~most inteiesti~g, though least quantita• 
• 
. ~ . 
.. ·tiv.e, · r.esults· of this i.nvestigation is the-appearance of .. ---J 
. 
. 
the fracture sur.faces which are shown in Figs. 20 to 24._ 
There"·is a pattern 1 that emerg.es _ in all the specimens 
te~ted.u . This pattern" can be summed up as: 1) a pre-
• • 
- 1 cracked region resulting £rom the £atigue, of the specimen 
and presenting a roughly pa~abolic crack front at· the time 
of immersion, 2) - ") a "smpother" region resul t'ing · from sec,· 
.-/ . - ' 
. 
-· 
starting out- as ·a parabolic front and ending as a roughly 
-; planar crack front at the instant o:f failure,·or 3)- the 
f 
.. 
l.. 
region of fast fracture. These three regions and )the 
.. 
(' 
. 
a , 
-boundaries separating them are most e~s~ly. differentiated 
in Fig. 22. All pictu.res are arr-ar1.g.ed tJ;ie·; ,same with regard 
to cracking direction. The crack front staxted at tp~ left 
of the page and proceeded toward the r_ight. In most of the 
I phQtogtaphs, it is possib.le to see at the extreme left, the. 
t. notch used as a starting point for er ack growth. The n~t 
• 
region visible is ~the pre•crack region, ending- 1~n a para-. 
• ·1 
' \ ,~ 1', ~ ... ~ 
. "'.- ... 
-~ ' 
bolic front. Adjacent to this region, the sec area is then 
visible, and finally separat.ed by a straight boundary is·· the 
/' 
~t fracture region •. Therefore, it aPpears that the crack 
growth occurs by a straightening of the parabolic front to 
a planar,front, and subsequent growth as a planar front • 
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1 
, ·-This is· boutne oqt by photographs particularly: such 
j' 
.. ,. i 
- i 
-------------------- --·· 
as i,n Fig. 24, where growth--can--·oe-·seen along the· edge~ to. , __ 01 -
" . 
be .charact,eristic of sec, but .failure occurred before a 
¢ 
,·s"t-
- . ' 
planar front had been established.. Little ·or· no sec 
occurred. at the center of the :9pecimen, wher'\ the parabol• ·· · 
~ i; 
ic front penetrated 
1
the f.urthest. 
, ,. ,• 
,;.,::.; . ' 
The observed surface crack length when the crack .front 
.. 
• 
~came planar ( that is; when the surf ace er ack length 
equa+led the maximum int.erior bowed crack length observed ~ 
on t·p.e .fracture), .is indicated on the· crack length versus 
time curves, Figs. 11 to 14. The crack growth rates for . 
J' 
specimens 1 to 3, appear to be constant with further growth , 
of the cracks· ( increases in stress intensity) in the· region 
'· 
:,· 
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The stress corrosion ~r ~ckin_g of · 7-07S-T6. alumi--
. ' ' 
r 
num alloy ii:i" the short transverse orientation ·in 
' ... 
3~ NaCl is not · primarily .... dependent upon K1 as 
the parameter controlling ,._1crack.,growth. 
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The crack g:rt1wth rate o.f ~ pianar front in 
l 
;, ,'; _.., -. ·.- ·.' ,[ .• - ,\•,\·-·,:: l' ~ . ' 
,c, ... - . 
~ quiet solution i.s approximately .00·3 ·in/hr. 
Air ag:itation and Argon ( deaerat~d)• asti tation. 
:_,· 
Q' • " 
·1n:cr:ease· the crack growth by approximately one 
1 ' • 
. ·. and two orders, o.f magnitude, respectively, 
compared to th·e quiet· solution rates. 
Within t-he.- limits of measurement employed.in 
, .... 
this.. investigation the crack growth appears to 
...,. 
•·· 
be continuous, but on a local scale (as on the 
surface), ihe growth is not\uniform. 
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LOnlf.i tu~nal Mechanical Properties of 7075•T6 Plate 
(average pf three .. specimens) 
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_,,: \ 
Ultimate 
Tensile 
Strength 
74,300 psi 
.... 
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Yield 
Strength_ 
66,700 psi 
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_> 
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/~ 0 
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Surface appearance of crack tip of · 
7075 .. 16 Plate 
"I ' 
Specimen left in the solution for 55 
days with a K1 (initial) of 20,000 lbs.in.·312 
The cra~king direction is from right to 
left. 
Corrosion products on the surface is evident. (lOOX) 
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· FIG. 8 Subsurface appearance of crack tip of 
. 7075•T6 plate. (identical crack as shown 
in Figure 7 but after remo~of .010 in.). 
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No te: blunted appearance of cavity and 
entry 0£ the fatigue crack from left 
side. ( lOOX) 
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Subsurface appearance -of crack tip of ~ 
7075 T6 plate (identical crack as shown 
in Figure 7 but a£ter removal of .020 in.). 
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This photomicrograph reveals the terraced 
nature of the interior of the blunt crack. 
(250X) 
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Fracture appearance of Specimen 
No. 1 (6X) showing the three region from left to right a pr crack, 
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Fracture appearance of Specimen 
No. 2 (6X) showing regions from 
left to right - pre-crack, stress 
corrosion cracking, fast fracture. 
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At extreme le.ft, starting notch 
is visible 
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Fracture appearance of Specimen 
No. 4 ( 6Xi)" showing regions from 
left to~right starting notch, 
pre-crack, stress corrosion and 
fast fr acturEt. 
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